Abstract
under the optical microscope and 50×50 sampling points under the acoustic microscope. Attenuation constant and sound speed for each specimen were calculated by averaging the values in the ROI.
Results are given as mean±standard deviation. Statistical analysis was performed by Student's t test. A level of P<0.05 was considered statistically significant. Figure 2 shows optical and acoustic images of a case of dialysed kidney. Optical microscopy revealed the 10% formalin, frozen in acetone, and cut 10 mm thick on a infiltration by histiocytes, hyperplasia of collagenous cryostat. The specimens, mounted on glass slides, were fibres, cicatricial renal corpuscle, the presence of colloid neither covered by slips nor stained before being evaluated deposits, and diminution of cellular components at by SAM.
Results

Inflammatory granulation and hyaline degeneration tissue
this site, indicative of the transformation of hyaline A block diagram of the SAM system is shown in Figure 1 degeneration. The attenuation constant for inflam- [ 5, 6 ] . The system consists of five parts: (1 ) ultrasonic trans-matory granulation tissue was significantly higher than ducer, (2) mechanical scanner, (3) analogue-signal processor, that for hyaline degeneration (P<0.001). Sound speed ( 4) image-signal processor, and (5 ) display unit. This system was high for the granulation tissue, but tended to can display a two-dimensional distribution of attenuation diminish gradually for hyaline degeneration.
constant and sound speed. The ultrasonic frequency ranges from 100 to 200 MHz, and the beam width of the focal volume ranges from 5 mm (at 200 MHz) to 10 mm (at Cystic degenerative tissue 100 MHz). The ultrasonic beam is transmitted at 4-mm intervals over a 2-mm scanned width. There are 480 sampling Figure 3 is an example of a kidney with cystic degenerpoints in one scanning line; 480×480 points constitute one ative tissue. Optical microscopy showed that the renal frame. The image processor stores the original image signals parenchyma associated with colloid degeneration was in 16 frames; 11 frames of amplitude images in 10-MHz covered with collagenous fibres. The attenuation consteps in the range of 100-140 MHz. The thickness of the specimen is determined from frequency-dependent characteristics of amplitude and phase of the received signals obtained at the same position for each of the 16 frames. Values of attenuation constant and sound speed so obtained were converted to colour signals that corresponded to the values of amplitude and phase, and were displayed on a colour monitor as a two-dimensional distribution. Table 2 shows the relationship between colour-coded scales and values of attenuation constant and sound speed.
An adjoining section of the specimen examined by SAM was stained with Elastica-Masson and examined by optical microscopy. The region of interest (ROI ) for acoustic microscopy was determined after the specimen had been observed by optical microscope. The size of the ROI was 200×200 mm Optical microscopy showed clear-cell carcinoma with haemorrhage and fibrosis. The attenuation constant for clear cells was relatively high, and sound speed was for the cancer cell subtypes were significantly lower very low. Values of the acoustic parameters for fibrosis than that for cystic kidney (P<0.001). or haemorrhage were high. Table 3 shows the means and standard deviations of the data obtained for all the kidneys evaluated. Discussion
Attenuation constant and sound speed were elevated for hyperplasia of cellular components and collagenous It is very difficult to evaluate the physical properties fibres at inflammatory granulation tissue. Attenuation of tissues in the fine area studied by ultrasonography, constant was significantly reduced (P<0.001) and computed tomography, or magnetic resonance sound speed decreased gradually as hyaline degenera-imaging, all of which are currently in clinical use. tion progressed. After cyst formation, the attenuation Acoustic microscopy, however, allows the quantitative constant was maintained at a low value (NS ) and analysis of acoustic physical properties at the cell level sound speed increased again (P<0.001). Attenuation [6] [7] [8] , something that cannot be achieved by convenconstant for clear cell and granular cell subtypes, tional optical microscopy. Ultrasonic characterization cancer cells were significantly higher than that for of tissues provides data on their physical properties, cystic degenerative tissue (P<0.01) and sound speed as well as information about their structure or their chemical components. The attenuation constant is considered to reflect scattering and absorption. Scattering is related to the structural features of the medium, and absorption is related to the macromolecules contained in the medium. The sound speed in tissue is determined by tissue elasticity. Renal contraction takes place gradually over years of haemodialysis. Fibrosis develops by the formation of granulomas consisting of highly proliferated fibroblasts. There is subsequent deposition of collagenous fibres in the cicatricial renal corpuscle and interstitium. We presumed that fibrous tissue, with its high structural density and large molecular weight, might exhibit a high attenuation constant. Because the collagenous fibre is a stiff tissue component [9] with very great elasticity, sound speed in a dialysed kidney with hyperplasia of collagenous fibres should have high values. acoustic properties, both parameters tend to decrease. Although the sound speed is relatively well maintained, there is the marked decrease in the attenuation constant. The present study suggests that the sound speed again increases with the progression of cystic degeneration, while the attenuation constant remains low. Although the causes of cyst have not been clarified, cyst appear to be related to ischaemic variations in occlusion of the renal arteriole or renal tubule [10, 11] . Hypoxia is considered to be due to a swelling of the mitochondria. Accordingly, scattering and absorption H. Sasaki et al. 2154 are reduced in degenerative tissues because of a loss References of structure or a reduced content of macromolecules.
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